New multi-channel seismic data were acquired in the northern part of the Bay of Bengal and at the northernmost termination of the 90°E Indian Ridge offshore Bangladesh. This survey was coupled with a seismic refraction experiment indicating this offshore basin is here floored by a thinned (15 km thick) continental crust, injected by Mesozoic volcanism. This attenuated continental crust is interpreted as formed during Gondwana super-continent fragmentation during a syn-rift period. The dominant tectonic pattern is marked by NE-SW trending tilted blocks filled by syn-rift sediments clearly identified on seismic profiles. The uppermost part of this continental crust (3-4 km thick) shows a complex assemblage of dipping reflectors and west-facing tilted blocks injected by volcanic build-ups. The lower crustal sequence (11-12 km thick) does not reveal significant reflectors. This syn-rift fabric is attributed to the Mesozoic up to the Early Cretaceous by correlation with published seismic data along the eastern coast of India. Opposite normal faults vergency on the Indian and Burma sides indicate an asymmetrical rifting (simple shear) creating a wide COT on the Burma side and a short COT on the opposite Indian side, a geometry typical of continental crust stretching.
Introduction 30
The Bay of Bengal extends into the northernmost part of the Indian Ocean. It is 1500 km wide at 31 15°N, between the East India passive margin to the west and the Sunda plate margin to the East. 32 This basin was formed during two successive spreading episodes. Its northern part is generally 33 accepted as floored oceanic crust formed during the Cretaceous and is characterized by NE-SW 34 trending magnetic anomalies and possible NW-SE trending transform faults (Curray et al., 1982; 35 decreasing age for this ridge volcanism (90 to 38 Ma), from 35°N to 10°N respectively (Duncan 74 and Storey, 1993) . This fits rather well the decreasing age of the South Bengal basin and 75
Wharton spreading centers on both sides of the ridge. However, part of this Cretaceous and 76
Cenozoic volcanism could be interpreted as MORB volcanism injected along the 90°E transform 77 fault during the active South Bengal/Wharton basins spreading center migrations (Sclater and 78 Fisher, 1974) . 79 Mukhopadday and Krishna (1991) , Klootwijk et al. (1991) and Duncan and Storey (1993) also 80 suggested that part of this ridge volcanism has a MORB signature, which could have been 81 injected from this spreading center over an attenuated ridge crust estimated 25-km thick by 82 Greyvemeyer et al. (1999) . 83
Le Pichon and Heirtzler (1968) have noticed exhumed gabbro along the 90°E Ridge. 84
Consequently, the 90°E Indian Ridge is a topographic high probably formed during early 85 Cenozoic intraplate shortening facilitating doming and exhumation of mantle, and underplated 86 spreading center volcanism injected along the previously existing transform boundary. Maurin 87 and Rangin (2009a) were able to trace the 90°E Ridge up to 20°N in our study area. 88
Data on the pre-Cenozoic stratigraphy, the nature and age of the northern Bay of Bengal acoustic 89 basement are scarce, due to the lack of deep seismic penetration lines and deep well data. The 90 most reliable seismic and drilling data were acquired in the western part of the basin, along the 91 Eastern continental margin of the India micro-continent. Multi-channel seismic (MCS) data, 92 calibrated by wells, were published by Bastia and Radhakrishna (2012) . They interpret the 93 western flank of this basin as a starved passive margin. Here, the deepest seismic horizons were 94 reached by drilling and sediments were dated Valanginian. 95 Eastward, recent oil and gas exploration is presently intensifying offshore Bangladesh and 96
Myanmar, but most of the wells did not reach the Paleogene and still remain confidential. Part of M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 5 our new MCS data collected offshore western Myanmar in 2006 (Maurin and Rangin, 2009b) and 98 partly used in this paper, were only calibrated for the Neogene. 99
On land, the most representative sequence that could be eventually correlated with the studied 100 offshore area, crops out in the Rajmahal area, which has a special significance for the rifting and 101 drifting history of the Bay of Bengal. Here, Precambrian metamorphosed continental rocks and 102 tholeiitic lava trap flows (Rajmahal volcanic traps) were found. Hornblende and olivine basalts, 103 andesite and intercalations of tuffs and ashes dated between 118 and 115 Ma mainly form this 104 hot spot volcanism (Kent et al., 2002) . It is generally interpreted as a drifted fragment of the 105 Kerguelen Large Igneous Province (LIP). In Bangladesh, this volcanism is disconformably 106 covered by a few hundred meters of coarse sandstones and argillites (Alam et al., 2003) 107 reworking the underlying volcanic rocks. 108
The terminal stage for cessation of LIP Rajmahal volcanism was dated around 117 Ma (Kent et 109 al., 2002) . Consequently, the cessation of North Bay of Bengal rifting has to be of the same age. 110
Drifting of India along the 90°E Ridge was dated 84-82 Ma (chron 34 to 38 Ma) into the South 111 (Duncan and Storey, 1993) . The oldest identified E-W magnetic anomalies of the India northern 112 drift are dated Santonian (82 Ma, Royer et al., 1988) , but incipient drift stage could have been 113 initiated earlier, around 100 Ma according to Gibbons et al. (2013) . This uncertainty is explained 114 by the poor dating of the 118-84 Ma magnetic quiet zone. 115
Immediately south of our study area, at 18°N, the seismic data published by Basu et al. (2010) 116 shows the same NE-SE Cretaceous tilted blocks in the basement that could be interpreted as 117 stretched continental crust. Southward the imprint of the 90°E ridge is erasing this rift fabric. 118
However, this transition from rift to drift is supported by the new global marine model from 119
CryoSat-2 and Jason-1 data ( Figure 1 ) and reveal the easternmost N-S transform faults related to 120 the drift stage extend up to 13°N, much farther North than the accepted boundary of Chron 34 as 121 shown in Figure 1 (Sandwell et al., 2014) .
In the present state of our knowledge, we think NW-SE trending Gondwana rift structures 123 observed in the NE Bay of Bengal basin could be as young as 100 Ma. In conclusion, we suggest 124 the transition from Gondwana rifting and India oceanic spreading could have occurred around 125 100 Ma or even before. Refraction data were acquired during the B3 cruise along three MCS profiles ( Figure 3 ) and 138 results were recently published (Sibuet et al., 2016) . Nine OBSs were deployed along each of the 139 profiles, with a 20-km distance between OBSs. This refraction experiment using OBSs from 140
Taiwan University and the air gun source of the ship was conducted during the acquisition of 141 three MCS lines, one across the shelf break (B3-5), and two parallel to the shelf break, one north 142 of it (B3-11) and one south of it (B3-02). The refraction processing was completed in the 143 IFREMER Center of Brest. We have used part of the seismic velocities resulting from this 144 refraction study to better constrain the seismic layers identified in the MCS lines. 
Seismic lines interpretation 156
We here discuss the results and interpretation of the B3 E-W and NW-SE trending lines 157 complemented by some E-W trending B2 lines to illustrate the structure of the northernmost 158 deep Bengal Basin. Then, we will discuss the N-S trending lines across the Bengal shelf break. Previously published data show that the crust was oceanic beneath the northern BoB. 205 However, these results were not reliable as the sediment thickness is too large (Curray, 206 1994 ; Verma and Mukhopadhyay, 1977 and Uddin and Lundberg, 2004) . SIbuet et al. The west facing normal faults bounding these tilted blocks are difficult to image on our seismic 218 data but lines B3-14 and B3-02 ( Figure 6 ) also reveal the presence of NE-SW trending faults 219
bounding the dipping reflectors. The correlation between these tilted blocks across the whole 220 studied area confirms this interpretation (Figure 7) . The density of B3 seismic lines is sufficient
to support the hypothesis that these NE-SW rifting trends were created by NW-SE continental 222 crustal extension simultaneously with the occurrence of a LIP volcanism. The major volcanic 223 centers identified in our survey are located along some of these major fault traces suggesting 224 volcanism and faulting are intimately linked during the continental extension processes. 225
A similar highly faulted brittle crust basement was evidenced offshore Myanmar by Basu et al. 226 (2010) , immediately south of our study area, between 17.5°N and 19°N. From their seismic data, 227 half-grabens affecting the northernmost part of the 90°E Ridge were described. Grabens are 228 filled by synrift clastic sediments indicating potential reservoir plays. This fractured basement is 229 disconformably covered by a thin layer similar to our Late Cretaceous-Paleocene layer. In the 230 same area, Lines B2-11 and B2-02 ( Figure 2 ) reveal a similar geometry on top of the ridge 231 (Maurin and Rangin, 2009a) . We were able to trace the ridge structural basement fracturation 232 between 14°N and 15°N, in the Coco Channel area located along the maritime border with India 233 (Line B2-15, Figure 2 ). We conclude that the highly fractured Mesozoic Bengal basin basement 234 disconformably covered by the pelagic Late Cretaceous sediments extends all along the 235 Myanmar coast from Bangladesh to Andaman Islands. In this synthetic cross-section, the eastern part of the basin on the Myanmar side is much wider 246 than its counterpart in the Mahanadi basin, suggesting an asymmetric rift geometry probably 247 created by simple shear, a classical model for continental crust extension (Wernicke, 1985) . No 248 oceanic crust has been clearly emplaced in the axis of this asymmetric rift that fits the deepest 249 part of the northern Bengal basin in the S-W prolongation of the "Swatch no Ground" canyon. (Figures 2 and 3) . From West to East, the E-W linearly prograding delta front was 274 surveyed along the N-S trending lines B3-01, B3-10, B3-09, B3-09, B3-06, B3-05 B3-04, B3-03 275 and B3-15 ( Figure 3) . The shelf break appears to be perfectly aligned along these sections. However, onlaps of the Cretaceous sequence 4 on this delta front high suggest that this 300 basement high existed before its recent tectonic reactivation. This large anticline could be 301 inherited from the Precambrian E-W trending structures present in the Indian craton, in the 302 Singhum area (Geological map of India). It confirms that the crust below the delta front and the 303 onshore Bengal basin is continental. We propose this tectonic reactivation is coeval with the 304 Shillong plateau uplift initiated around 5 Ma (Bilham and England, 2001) . We think that both the 305 EW alignment of the recent delta shelf break above the delta basement high at depth as well as 306 the Shillong plateau uplift are controlled by the tectonic reactivation of old Indian craton 307 structures. 308
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